Normative data from 113 participants, and cross-validation data from 49 additional participants, are presented for the Biber Cognitive Estimation Test (BCET), a 20-item test with five estimation questions in each of four categories: time/duration, quantity, weight, and distance. In Study 1, the range of normal answers is provided for each item, and a cut-off for impaired performance is suggested. Although very low IQ or education levels would be expected to invalidate this test as a measure of estimation skills, participants in the current sample made few errors. In Study 2, a cross-validation suggested a slightly more conservative cut-off score for abnormality. Study 3 examined cognitive estimation in demented (dementia of the Alzheimer's type and dementia syndrome of Parkinson's disease) versus intact elderly participants. Results indicated that the BCET was able to distinguish between demented and intact elderly participants.
the relevant knowledge set, retrieve specific facts or estimates from within that set, devise and carry out appropriate manipulations on those facts or estimates, project the result against his/her knowledge of the world to judge its reasonableness or probability, and repeat any necessary part of the sequence to produce a better response.
There are, therefore, many complex cognitive functions involved, including activation of sets of semantic memories, retrieval of specific semantic memories, planning, working memory and mental control, self-monitoring and self-correction. Consequently, many types of brain dysfunction will produce deficits in the final estimation, and frontal lobe dysfunction is especially likely to produce such deficits (Shallice & Evans, 1978; Smith & Milner, 1984) . Previously published studies have documented impairments on the Biber Cognitive Estimation Test (BCET) in schizophrenics (Jackson, Fein, Essock, & Mueser, 2001 ) and in children with autism (Liss, Fein, Bullard, Robins, & Waterhouse, 2000) . A standardized test of estimation is therefore likely to be useful in neuropsychological assessment of patients with diverse CNS dysfunction, especially where frontal lobe involvement is known or suspected.
In addition to its diagnostic significance, estimation skills have relevance to carrying out everyday activities. Accurate time estimates, for example, would be necessary for planning a day's activities. Such a test, therefore, also might be particularly useful in functional assessment for rehabilitation. In fact, Schretlen (1992) found cognitive estimation to contribute significantly to functional outcome in brain-injured patients and the Jackson et al. (2001) study found cognitive estimation to be a significant predictor of rehabilitation outcome in schizophrenics.
Despite the pervasive use of estimation in everyday life, and its established utility as a marker of frontal lobe function, cognitive estimation questions are used primarily as part of clinical interviews, but generally lack established psychometric properties (Hagberg, 1987) . The Cognitive Estimation Test (CET) devised by Shallice and Evans (1978) consisted of the 15 questions, from their original 26, that showed the least variance. Several of the items demanded categorical rather than numerical responses (e.g., what is the largest piece of furniture in a house?). A four-point coding system was used to rate the bizarreness of responses. Questions not answered were rated as abnormal. The CET was used in a study of Korsakoff's syndrome and temporal lobe amnesic patients (Leng & Parkin, 1988) . They found a double dissociation, with the Korsakoff's patients impaired on the Wisconsin Card Sorting Test but not on the CET, and the amnesic patients only impaired on the CET. This finding was only partially supported by Shoqueirat, Mayes, MacDonald, Meudell, and Pickering (1990) , who found Korsakoff's, post-encephalitic, and anterior communicating artery aneurysm patients all impaired on the CET. They reported that their 31 normal participants showed higher than expected "deviant" answers and argued for better cognitive estimation norms. Axelrod and Millis (1994) revised and standardized the Shallice and Evans CET. They addressed the difficulty of coding categorical responses by eliminating such questions and using only numerical questions, and they used a bigger sample than that of Shallice and Evans (1978) . Axelrod and Millis (1994) presented response ranges for each item and assigned deviation scores of 0, 1, and 2, corresponding to percentile ranges (deviation score of 0 corresponding to answers between the 16th and 84th percentile, etc.). Smaller total deviation scores were found with higher levels of education, but deviation scores did not vary with age. Patients with traumatic brain injury had a higher mean deviation score than did medical or normal controls. O'Carroll, Egan, and MacKenzie (1994) also attempted to develop norms for the CET on a sample of 150 participants. Although the criteria were not specified, responses were scored on a four-point scale from good to bizarre. Like Shoqueirat et al. (1990) and Axelrod and Millis (1994) , O'Carroll et al. (1994) noted considerable variability among normal participants in responses to the CET questions.
Thus, attempts to norm the CET have been limited by several methodological difficulties. First, the clinical and normative samples in some studies have been small. Second, the categorical nature of some questions increases the difficulty of reliable response coding. Third, no attempt has been made to assess estimation in different domains (e.g., time vs. distance). Fourth, qualitative judgments of how bizarre a response is, although they may be reliable in the hands of the authors, are of little value to other clinicians or researchers. Fifth, it is viewed as problematic that Shallice and Evans (1978) scored as abnormal any item omitted by the subject. Sixth, establishing a narrow range of normality may result in overclassifying normal responses as deviant, since several researchers noted the wide variability among normal responses. Seventh, providing the units for each item, as done by Axelrod and Millis (1994) , rather than asking the subject to provide them him/herself, may miss an opportunity of testing a component cognitive skill. Finally, and perhaps most important, both the CET and the Axelrod and Millis (1994) revision included a number of questions to which participants might know the real answers (e.g., "How heavy is a full grown elephant?", "How fast does a commercial jet fly?"). The inclusion of a substantial number of such questions probably increases variance due to education or verbal IQ and decreases variance due to estimating, a surmise confirmed by the correlation between deviation score and education found by Axelrod and Millis (1994) .
This article presents three studies. The first study describes the development of the Biber Cognitive Estimation Test (BCET), which was created to establish quantitative rather than subjective judgments of normality, using a broad definition of a normal range, for items in several content areas, using a sizable sample. The final version consists of 20 items (five each in the categories of: time/duration, quantity, weight, and distance/length). The second study was a cross-validation of the final 20-item version of the BCET. The third study examined cognitive estimation in demented versus intact elderly participants using the BCET. Another goal of this study was to conduct a reliability analysis of the BCET using the dementia patients.
Study 1

Method
Participants
Participants were normal volunteers. Some of these were professional staff (mainly occupational, speech, and physical therapists) and non-professional staff (secretarial and janitorial) at three medical centers; others were recruited through personal contact. Additional participants were normal elderly individuals participating in activities at a senior center, and other normal elderly individuals living in a retirement community. Participants were paid a small fee ($5.00) for their participation. Each subject signed an informed consent form and was asked to complete the questionnaires described below. From an initial sample of 155 participants, 37 were eliminated for the following reasons: 3 for a history of psychiatric treatment, 9 because their first language was other than English, 10 because of a blow to the head requiring medical treatment, 16 because of an episode of unconsciousness, and 11 because of evidence of neurological disorder, including one stroke, seven tumors, and three with seizure disorders (some individuals met more than one exclusion criterion). After these exclusions, 113 protocols remained.
Characteristics of the 113 participants in the development sample are found in Tables 1 and 2 .
Procedure
Five measures were administered: (1) a background questionnaire, containing educational, demographic, and medical information, (2) a set of 83 estimation questions, (3) the Information subtest of the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Weschler, 1981) , (4) the California Proverbs Test (Delis, Kramer, & Kaplan, 1983) , and (5) the Number Information Test, containing basic number fact items, such as the number of seconds in a minute and eggs in a dozen (Goodglass, 1981) . WAIS-R information was administered because normal scores on a test of general knowledge were considered prerequisite to cognitive estimation; all participants scored six or higher on Information. Tests of basic ability to answer number questions (Number Table 2 Characteristics of development sample (n = 118) Information Test) and to think abstractly (California Proverbs Test-multiple choice version) were administered to evaluate mathematical skills and abstract thinking abilities in participants who performed poorly on the estimation items. Scores on these tests are shown in Table 1 . An initial set of 83 estimation questions was generated, including questions concerning weight, distance, speed, price, length, quantity, time, and duration. Written instructions and test items on the final 20-item version are shown in Table 3 . Note that the subject is asked to provide the proper units for the answer; when scoring the protocols, the examiner must convert each answer to the units provided in Table 5 .
Results
Criteria were developed for selecting final test items from the initial set of 83. Items were rejected if it was likely that some participants would know the actual correct answer, or when a higher education level would be required to possess the requisite knowledge. Items with a moderate degree of response variation were considered optimal. Means, standard deviations, and frequency distributions were examined for each item. The five best items were chosen for each of four categories: time/duration, quantity, distance/length, and weight. In order to define the normally acceptable response range, items were examined in a distribution-free manner by looking at percentiles. Responses that fell within the 5th to 95th percentile were considered normal; those that fell outside of those percentiles were considered abnormal. For the final 20 items, Table 4 shows the item number, category, units of measurement, mean, standard deviation, minimum, maximum, and percentile ranges. Analysis of the total score of the BCET found a mean score of 18.9 (S.D. = 1.1) and a range of 16-20. A score that falls below two standard deviations from the mean (i.e., below 16.7) may thus be clinically significant and indicative of impairment. Means and Z scores for the total score and each of the subdomains of the BCET are presented in Table 5 . Correlations were conducted to assess the relationship between the BCET total score, demographics, and background measures (i.e., Information, California Proverbs Test, and the Number Information Test). Age, education level, gender, and total scores on the background measures were not found to be correlated with performance on the BCET.
Study 2
Method
Participants
To cross-validate the normal ranges for each item and the suggested cut-off score, an additional sample of 49 normal volunteers was tested. Mean age of the sample was 40.3 (S.D. = 14.0 years), with a range from 17 to 78 years; 39% were male. Ethnic distribution was 90% White, 4% African American, 2% Native American, 2% Asian, and 2% Latino. Eighty-six percent were right handed. Since the original normative sample had an overrepresentation of highly educated individuals, we attempted to recruit a large number of non-college educated volunteers. Mean education was 13.7 years (S.D. = 3.1 years, range of 9-20 years). Of the 49 cross-validation participants, 23 had a high school education or less, and only 16 had completed college.
Procedure
Participants were administered the same background questionnaire described in the first study. In addition, the 20-item BCET derived in the first study was administered to the participants.
Results
The mean of the BCET total score for the cross-validation sample was 18.1 (S.D. = 1.3), with a range of 16-20. As with the development sample, there was no relationship between age, education, and performance on the BCET; thus, the difference in means between the development and cross-validation samples (18.9 vs. 18.1) cannot be explained by the difference in years of education (16.5 vs. 13.7 in the current sample). These findings suggest, however, that the cut-off score of two standard deviations below the mean proposed in the development study may not be conservative enough. Instead, a cut-off score of three standard deviations from the mean (i.e., below 15.6) would seem more appropriate given the findings from this cross-validation study.
Study 3
Method
Participants
The sample included 52 patients diagnosed with dementia and 25 volunteer controls without neurologic disease. The dementia participants were recruited from a private practice and a Department of Veteran's Affairs Medical Center in a major metropolitan area and were diagnosed by a team consisting of a psychiatrist, neurologist, neuropsychologist, and a social worker using DSM-IV (APA, 1994) and NINCDS-ARDA criteria (McKhann et al., 1984) . Twenty-eight patients were diagnosed with probable dementia of the Alzheimer's type (DAT) and 24 patients with dementia due to Parkinson's disease (PD). The volunteer controls were recruited from both the Medical Center and from several nursing homes in the same metropolitan area. Overall intellectual functioning for all the participants was evaluated using the Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) . All participants were carefully screened and excluded if they had a history of significant neurological disorder (e.g., tumor, past head trauma with loss of consciousness requiring treatment), alcoholism, chronic medical conditions such as HIV infection, or psychiatric treatment suggesting disorders with potential neurobehavioral effects. In the control group, one participant had a MMSE Total Score that was more than four standard deviations from the mean. This individual outlier was removed, and all analyses were conducted using the remaining 24 participants.
Groups were examined by specific diagnosis. Table 6 presents the demographic characteristics for the DAT, PD, and Control groups.
Procedure
Each participant was administered a protocol that included a clinical diagnostic interview, the Mini Mental Status Examination, and the Biber Cognitive Estimation Test (BCET).
Results
Group differences
The mean BCET total score for both the DAT (x = 14.4, S.D. = 2.9) and PD (x = 15.1, S.D. = 3.2) groups fell below the established cut-off score of more than three standard deviations from the mean (i.e., below 15.6), suggesting that both groups were impaired in their cognitive estimation ability. Several between-groups (dementia vs. normal controls) ANOVAs were conducted to examine the relationship between specific diagnosis and age, education, and BCET test performance. There were no significant differences between the groups for age or education; however, a trend was observed for education, with controls tending to have more years of education. Group differences were found for the Distance, Weight, Quantity, Time, and Total scores. These findings are summarized in Table 7 .
In the post hoc analysis (Tukey), no significant differences were found for any of the domains when the DAT group was compared with the PD group. Despite the significant finding for Time, no significant differences were found between the DAT or PD groups when compared with the Control group. Significant differences were found, however, when the DAT group was compared with the Controls for: Distance, Weight, Quantity, and Total scores. Significant differences were also found when the PD group was compared with the Control group on: Weight, Quantity, and Total scores. When taken together, these results suggest that the BCET is able to distinguish the DAT and PD groups from the Control group.
Gender differences
An Independent Samples t test was conducted to asses the degree of relationship between gender and BCET performance. In the Control group, a gender effect was found for the Weight domain (t = 1.4, P < .001), with men (x = 5.0, S.D. = 0) out performing women (x = 4.7, S.D. = 0.5). However, it seems likely that this is an artifact of the fact that there were only five men in the Control group as compared with 20 women. In the Dementia group, a gender effect was found for the Time domain (t = −2.3, P < .05), with women (x = 4.0, S.D. = 0.7) outperforming men (x = 3.3, S.D. = 1.2). No other gender effects were found.
Relationship of the BCET to the MMSE
The total score of the MMSE (Folstein et al., 1975) was correlated with the BCET domains to determine whether other cognitive abilities might be related to BCET performance. In the Control group, the total score of the MMSE was significantly correlated with both the Quantity domain (r = .57, P < .01) and the BCET total score (r = .46, P < .05). In the Dementia group, the total score of the MMSE was significantly correlated with the BCET total score (r = .53, P < .01), as well as three out of the four domains: Weight (r = .38, P < .05), Time (r = .44, P < .01), and Quantity (r = .35, P < .05). These findings suggest that the BCET has good concurrent validity for both control and dementia participants.
Reliability
A reliability analysis was conducted using only the dementia subjects (n = 52) to examine the internal consistency of the BCET; there was insufficient variability within the control group performance to assess internal consistency. Analysis revealed a Cronbach's alpha of .62 and a Guttman split-half of .74. These findings suggest that the BCET has good reliability with a dementia population.
Discussion
The Biber Cognitive Estimation Test was designed to provide an easily administered and objectively normed instrument of cognitive estimation, with a broadly defined normal range for each item. The final version of the BCET consists of 20 items. Items fall into four categories, which can be totaled separately.
Background measures of abstract thinking, fund of general information, fund of numerical information, age, and educational level showed no relationship to test performance in the present normal sample, even though subject ages extended into the 70s and 80s, education levels included some participants with less than high school education, and Information scaled scores ranged down to six. This suggests that estimating within the designated normal range on the current items can be done by individuals with relatively low education or advanced age. Much lower levels of education (e.g., grade school), fund of knowledge, or intelligence, however, certainly would be expected to impact adversely on estimation ability; more advanced age might also produce deficits.
Issues of reliability and validity
It was not possible to examine internal reliability of the present instrument with the normal subjects tested, because there were too few answers outside the defined normal range by either the development sample or the cross-validation sample. Thus, estimates of internal consistency had to be evaluated using patients with known impairment in cognitive functions contributing to cognitive estimation. A reliability analysis was conducted using only the dementia subjects, showing good reliability with this population.
This study also examined the properties of the BCET. Analyses explored the relationship between the BCET and the MMSE. Results indicated that the two measures were correlated, suggesting that the BCET had good concurrent validity.
The BCET was able to distinguish between demented and intact elderly participants. These findings extend other investigations showing disturbed executive functioning in DAT and PD dementia (Goldstein et al., 1996; La Rue, 1992) . Previous studies have also documented impairments on the BCET in schizophrenics (Jackson et al., 2001) and in children diagnosed with autism (Liss et al., 2000) . Furthermore, the Jackson et al.'s study found that the BCET was a significant predictor of rehabilitation outcome. It is anticipated that the BCET will contribute to clinical and research effort to characterize patients with known or suspected frontal or executive impairments, such as patients with ADHD and TBI.
Clearly, additional research is needed on the BCET. No gender differences were found for the normal control groups, but one gender difference was found for the dementia patients; future studies should examine gender by diagnosis interactions in performance on subdomains. A benefit of administering the BCET with other cognitive measures would be to help distinguish between cortical and subcortical forms of dementia. Findings from future studies may suggest that patients with different forms of dementias may fail on the BCET for different reasons. Future research into this area would provide information of practical and theoretical utility and may prove helpful in the development of diagnostic instruments.
